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The influence of GFR and saline expansion
on TmG of the dog kidney
RAYMOND G. SCHULTZE and HERMES BERGER
Department of Medicine, UCLA School of Medicine, Los Angeles, California
The influence of GFR and saline expansion on TmG of the dog
kidney. The purpose of this study was to re-evaluate the re-
lationship between the GFR and the maximum capacity to
transport glucose of the dog kidney. Female mongrel dogs were
anesthetized, and a Blalock clamp was placed around the aorta
so that the perfusion pressure of the left kidney could be varied.
Twenty measurements of Tm0 at reduced GFRs were obtained
in 11 dogs. When the percent reduction in GFR is plotted against
the percent reduction in Tm0, a linear relationship is observed
which is described by the equation y= 0.52 x —7.5 (r= 0.682,
P <0.001). In a group of seven animals saline expansion in-
creased GFR by 43.4% and Tm0 by 23.9%. However, when
GFR was held constant during saline expansion, Tm0 was
suppressed. Acute hemorrhage (15 ml/kg) partially reversed the
suppression of Tm0 produced by saline expansion. These results
are compatible with the view that factors which govern glomerulo-
tubular balance for sodium and which suppress sodium absorp-
tion during saline expansion also alter the maximum capacity to
reabsorb glucose from glomerular filtrate.
Influence du debit de filtration glomérulaire et de l'expansion
saline sur le Tm0 du rein de chien. Le but de cette étude est de
réévaluer la relation entre le debit de filtration glomérulaire
(DFG) et Ia capacité maximale de transport du glucose par le
rein de chien. Des chiennes bôtardes ont été anesthésiées et un
clamp de Blalock a été place sur l'aorte de telle sorte que Ia
pression de perfusion du rein gauche puisse être modifiée. Vingt
mesures du Tm0 a des DFG réduits ont été obtenues chez onze
chiens. Quand le pourcentage de reduction du DFG est porte en
fonction du pourcentage de reduction du Tm0 une relation ii-
néaire est obtenue, décrite par l'équation y= 0.52 x —7.5 (r=
0.682, P<0.00l). Dans un groupe de sept animaux l'expansion
saline a augmenté DFG de 43.4% et le TmG de 23.9%. Mais
quand DFG a été maintenu constant pendant l'expansion saline
TmG a diminué. Une hémorragie aiguë (15 mI/kg) a partielle-
ment corrigé cette diminution. Ces résultats sont compatibles
avec le point du vue que les facteurs qui gouvernent la balance
glomérulo tubulaire pour le sodium et qui diminuent l'absorption
du sodium durant l'expansion saline altèrent aussi la capacité
maximale a réabsorber le glucose filtré.
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The nature of the relationship between the maximum
capacity to transport glucose (Tm0) and the glomerular
filtration rate (GFR) in a single animal remains a moot
question despite many years of intensive investigation of
the renal glucose transport mechanism [1]. The work of
Shannon and Fisher strongly suggested that Tm0 was a
relatively constant physiologic characteristic of the kidney
[2]. Furthermore, Thompson, Barrett and Pitts were unable
to demonstrate an alteration in TmG when GFR was
decreased up to 50% by decreasing renal perfusion pressure
with an intra-aortic balloon [3].
More recently, however, several groups of investigators
have reported that when GFR is plotted against TmG for
a large group of animals, a linear relationship is observed
[4—6]. But these observations only confirm what is known
about the relatively constant structural relationship be-
tween the filtering surface and the glucose absorptive sur-
face in the kidney [7, 8]. Others have reported that Tm0
falls when GFR is reduced by the infusion of drugs; but
independent effects of the drugs on GFR and Tm0 have
not been ruled out [9, 10]. In addition, there have been
reports of a fall in TmG in individual animals following a
a spontaneous decrease in GFR [4, 6]. However, the original
work of Thompson et al which seems to rule out glomerulo-
tubular balance for glucose absorption has not been con-
firmed or refuted. The present study re-examines the re-
lationship between GFR and TmG in the dog.
Methods
Female dogs weighing 10 to 22 kilograms were lightly
anesthetized with pentobarbital, and an endotracheal tube
was passed. The animals had been fasted overnight, but
were allowed free access to water. Catheters were placed in
the femoral veins and a jugular vein for administration of
fluids and supplemental doses of pentobarbital. Both
femoral arteries were catheterized. From one artery,
samples of arterial blood were obtained for measurements
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of glucose and creatinine. Mean blood pressures were
obtained from the other artery with a mercury manometer.
Urine was collected from ureteral catheters placed through
a small incision in the lower abdomen and then passed to
within 5 cm of the kidney pelvis. In some experiments a
Blalock clamp was placed on the aorta between the right
and left renal artery through a midabdominal incision.
This allowed the perfusion pressure of the left kidney to be
lowered without affecting the right kidney.
After the administration of a prime of 1 ml/kg of a 5%
creatinine solution, a sustaining solution was infused at the
rate of 5 ml/min for at least 45 mm before control clearance
periods were obtained. The sustaining solution contained
12 to 18% glucose, 23 mEq/liter NaCI and 10 mEq/liter
KCI. Blood glucose levels were maintained between 500
and 1100 mg/100 ml so that the filtered load of glucose was
always at least 1.4 times TmG. Creatinine was infused at a
rate calculated to maintain the blood creatinine levels at
6 to 8 mg/l00 ml. During all clearance periods blood was
drawn from a femoral artery catheter throughout the
period. During ten minute periods 2 ml of blood were with-
drawn at 0, 2, 4, 6, 8 and 10 mm. During five-minute periods
1 ml of blood was drawn every 30 seconds beginning at
zero time and ending at five minutes The samples were
mixed and used for glucose, creatinine and electrolyte
determinations. Thus, the blood sugar value for each period
represented an integrated value over the time of the urine
collection.
Aortic constriction. In 11 animals, after three or four
control clearance periods of ten minutes each, perfusion
pressure to the left kidney was reduced by constriction of
the aorta with a Blalock clamp. Simultaneously, the infusion
rate of the sustaining solution was reduced by 20% in an
effort to keep the blood glucose fairly constant. The per-
fusion pressure to the left kidney was kept constant by
appropriate adjustments of the Blalock clamp. In most ex-
periments, after three or four clearance periods at the first
level of perfusion pressure, a second constriction was applied
either greater or less than the first, and the infusion rate of
the sustaining solution adjusted accordingly. Three or four
more clearance periods were then obtained. The constric-
tion was then released, and after 15 mm was allowed for
equilibration, three more clearance periods were collected.
Saline expansion. Rapid saline expansion studies were
carried out in 20 dogs. In all of these animals control ob-
servations were obtained in a manner identical with that
of the constriction experiments. Then the extraceliular fluid
volume was expanded acutely by infusion of 50 mi/kg of
a solution containing 150 mEq/liter of Na, 7 mEq/liter of
K, 132 mEq/liter of Cl, 25 mEq/liter of HCO3, and 1 to 9%
glucose at a rate of 50 ml/min. The infusion rate was then
slowed to 12 to 18 mI/mm, and the expansion continued.
After an additional 20 mm, four clearance periods were
obtained for the measurements of glomerular filtration
rate, Tm0 and sodium excretion. This rate of infusion
decreased mean hematocrit from 39 to 33 %. In some ani-
mals, the perfusion pressure to the left kidney was reduced
by a Blalock clamp so that the glomerular filtration rate
was maintained at control levels. Three or four additional
clearance periods were obtained during the time of reduced
perfusion pressure. During constriction the infusion rate
was reduced by 15%.
Hemorrhage. in five animals the effect of acute hemor-
rhage after saline expansion was evaluated. Clearance
periods were obtained before and after saline expansion.
Then the infusion rate of the sustaining solution was
slowed to match urine output, and a phlebotomy of 15 ml!
kg/body weight was performed through the jugular vein
and/or the femorai artery over a period of 4 to 5 mm. An
additional set of three to four clearance periods was ob-
tained immediately after the withdrawal of the blood.
Blood samples were spun down immediately, and the
plasma was separated from the red cells. Creatinine was
determined by the method of Bonses and Taussky [11].
The previous finding of Bricker et al that glucose in con-
centrations found in the plasma and urine in these experi-
ments did not interfere with this method was confirmed in
our laboratory [121. Glucose was determined in triplicate
on the Beckman Glucose Analyzer [13]. Sodium and potas-
sium were determined with an IL 2300 flame photometer.
At the end of the experiment the kidneys were examined
grossly.
The data were analyzed utilizing standard methods [14].
An Olivetti 2200 calculator and Olivetti computer pro-
grams 2.14 and 2.15 were used to analyze some of the data.
Results
Aortic constriction. The effect of aortic constriction on
GFR and TmG in 11 dogs is shown in Table 1. Each value
in the table represents a mean of three or four clearance
periods. The values reported are for the left kidney only
since the clamp was placed over the aorta between the right
and left kidneys. The mean arterial pressure after the first
constriction was 87.5 mm Hg with a range of 83 to 94
mm Hg. Mean arterial pressure was 76.4 mm Hg after the
second constriction; range 67 to 87 mm Hg. The mean GFR
prior to constriction of the aorta was 36.4 ml/min and
after constriction, 20.2 mi/mm. The mean control Tm0 was
100.2 mg/mm, and this value declined to 72.6 mg/mm after
constriction. These changes are significant, P <0.001. The
mean TmG/GFR ratio increased significantly indicating
that the reduction in GFR was always greater than the
reduction in TmG. With the release of the clamp, the mean
GFR and TmG increased but did not return to control value.
The Tm0/GFR ratio, however, did return to control.
In Fig. 1, the percent decrease in Tm0 from control is
plotted against the concomitant percent decrease in GFR.
The relationship between these two groups of values is
described by the equation y=O.52 x—7.5 (r=0.682,
P <0.001). Thus, under the conditions of these experiments,
TmG is linearly related to GFR.
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Fig. 1. The percentage change in GFR plotted against the percentage
change in Tm0 following aortic constriction. Each point represents
the mean of three or four clearance periods. The dashed line
would be obtained if glomerulo-tubular balance were ideal.
Saline expansion. The effect of an increase in GFR on
Tm0 is more difficult to study in acute experiments because
it is difficult to produce significant increases. The reason is
unclear, but may be related to the fact that the infusion of
glucose causes mild ECF expansion by producing a shift
of water from the intracellular to the extracellular fluid
space, which results in a moderate increase in GFR. How-
ever, saline expansion sometimes produced a marked in-
crease in GFR, and we were able to study the effect of this
increase on Tm0 in seven dogs (Table 2). In these bxperi-
ments, GFR increased from a mean of 46.3 to 66.4 mI/mm
(43.4%) immediately following saline expansion, while the
mean Tm0 increased from 159.0 to 197.0 mg/mm (23.9%).
The Tm0/GFR ratio fell to 2.82 from 3.29. All of these
changes are statistically significant. Thus, increases in GFR
may be accompanied by increases in Tm0.
It has been reported previously that TmG is reduced in
rats undergoing saline expansion [14, 1]. The effect of saline
expansion on TmG in dogs in which GFR was held constant
is shown in Table 3. These animals were studied before
and after saline expansion with an open aortic clamp in
place. Then the clamp was slightly closed to reverse in-
creases in GFR. Listed in Table 3 are those sets of post-
saline expansion clearance periods during which mean GFR
most closely approximated control. For dogs 18, 20, 21
and 23 the values were obtained at a time when mean per-
fusion pressure was decreased from 128 mm Hg to 101
mm Hg. In the rest of the animals, GFR did not change
after saline expansion, and the data presented were obtained
without aortic constriction. For the group, mean GFR re-
mained constant: control 30.0 ml/min, expanded 30.7 ml/
mm (P<0.80). Tm0 decreased from a control value of
76.3 mg/mm to 53.9 mg/mm (P<0.01). TmG/GFR also
Table 1. The effect of aortic constriction on GFR, TmG and Tm0/GFR in the dog
Dog •
GFR, mi/mm Tm0, mg/mm TmG/GFR
Control Constrict ReleaseControl Constrict Release Control Constrict Release
3 18.9 5.1 18.5 28.6 16.7 54.4 1.51 3.27 2.94
4 39.6 24.4
13.2
37.0 106.0 94.0
66.2
83.9 2.68 3.85
5.02
2.27
5 43.2 29.2
21.5
34.8 126.2 91.7
100.5
94.4 2.92 3.12
4.67
2.71
6 47.7 19.6
17.8
40.4 165.2 110.8
102.0
147.6 3.46 5.65
5.73
3.65
7 28.7 23.3
18.6
27.5 88.0 58.4
58.2
65.8 3.07 2.51
3.13
2.39
9 37.4 21.5 26.1 85.8 64.4 44.6 2.28 3.00 1.71
10 29.4 26.6
14.9
30.4 95.1 97.6
58.7
99.4 3.22 3.67
3.94
3.27
11 36.6 25.4
20.9
29.4 148.1 101.8
93.0
92.9 4.05 4.08
4.45
3.16
33 56.0 44.0
15.7
50.0 124.1 112.5
59.7
123.8 2.22 2.56
3.80
2.48
34 36.1 21.6
15.1
26.9 81.4 39.9
56.9
62.4 2.25 1.85
3.77
2.31
35 26.6 17.7
8.3
22.6 53.4 42.1
27.4
48.7 2.01 2.38
3.30
2.15
Mean 36.4
3.1
20.2
1.8
31.2
2.7
100.2
12.0
72.6
6.4
83.4
9.8
2.70
0.22
3.68
0.23
2.64
0.17
t
P
8.53 6.13
<0.001 <0.001 <
7.68 2.55
0.001 <0.05
4.58 6.23
0.001 <0.001
—90 —80 —70 —60 —50 —40 —30 —20 —10
%Change GFR
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Table 2. The effect of a markedly increased GFR on TmG in saline-expanded dogs
Dog
GFR, mi/mm TmG, mg/mm TmG/GFR UNaV/FL, %
—
Control Saline Control Saline Control Saline Control Saline
A 46.6 80.3 191.1 217.4 4.10 2.71 2.42 22.13
B 52.9 89.5 178.4 284.2 3.37 3.18 2.53 15.41
C 72.7 86.5 252.6 294.7 3.47 3.41 0.42 12.62
D 55.1 68.7 188.6 214.7 3.42 3.13 0.28 1.14
E 46.9 71.5 182.4 228.7 3.89 3.20 1.39 26.60
F 23.9 29.2 51.4 62.4 2.16 2.14 3.24 4.76
G 25.9 38.9 68.5 76.6 2.64 1.97 1.01 9.08
Mear 46.3 66.4 159.0 197.0 3.29 2.82 1.61 13.11
6.4 8.9 27.3 35.0 0.26 0.21 0.43 3.44
t 4.53 3.03 2.58 3.39
P <0.005 <0.025 <0.05 <0.02
Table 3. The effect of saline expansion on TmG and TmG/GFR when GFR is held constant
Dog
GFR, mi/mm TmG, mg/mm TmG/GFR UNaVJFL, %
Control Saline Control Saline Control Saline Control Saline
18 23.2 22.6 82.5 54.2 3.56 2.42 2.29 9.93
20 21.4 19.7 28.7 16.9 1.34 0.86 6.14 7.82
21 29.9 27.5 77.4 57.3 2.59 2.08 1.08 0.36
22 27.3 31.1 71.7 12.5 2.63 0.40 6.64 16.28
23 27.0 27.1 69.4 39.6 2.57 1.46 1.01 4.15
24 33.6 35.2 72.8 62.5 2.17 1.78 1.05 9.52
25 30.8 32.9 80.4 72.3 2.61 2.20 0.43 3.36
26 47.0 49.8 127.6 115.6 2.71 2.32 0.89 4.86
Mean 30.0 30.7 76.3 53.9 2.52 1.69 2.44 7.04
2.8 3.3 9.5 11.6 0.22 0.26 0.88 1.75
t 0.31 3.73 3.64 3.59
p <0.80 <0.01 <0.02 <0.02
Table 4. The effect of acute hemorrhage on the suppression of TmG by saline expansion
Dog
GFR, mi/mm TmG, mg/mm TmG/GFR UNaV/FL, %
Control Saline Hemor- Control Saline Hemor- Control Saline Hemor- Control Saline Hemor-
rhage rhage rhage rhage
27 58.4 76.2 80.0 163.4 120.1 163.2 2.80 1.58 2.04 0.19 10.36 6.58
28 56.2 70.3 78.6 144.3 123.8 172.2 2.57 1.76 2.19 0.82 10.69 6.92
29 54.9 51.9 52.5 171.5 109.9 114.7 3.12 2.12 2.20 0.39 5.61 5.31
31 52.3 71.1 65.2 176.2 155.6 176.4 3.37 2.19 2.71 0.61 8.46 3.29
32 44.7 53.7 46.2 143.1 95.4 107.1 3.20 1.79 2.32 1.21 17.08 7.08
Mean 53.3 64.6 64.4 159.7 121.0 146.7 3.01 1.88 2.29 0.64 10.44 5.84
2.3 4.9 6.8 6.8 10.0 14.8 0.14 0.11 0.11 0.18 1.89 0.71
t 2.85a 0.O7 4.83a 330b 11.OOa 4•87b 5.57 29313
P <0.05 <0.95 <0.01 <0.05 <0.001 <0.01 <0.01 <0.05
a Saline vs. control.
Hemorrhage vs. saline.
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decreased significantly from 2.52 to 1.69 (P <0.02). Frac-
tional sodium excretion increased in all but one of the
animals in which aortic constriction was required to reduce
GFR to the control value.
Hemorrhage. The effect of hemorrhage on the suppression
of Tm0 following saline expansion was studied in five dogs
(Table 4). GFR was not controlled in these experiments but
increased only modestly from 53.3 to 64.6 mI/mm (P <0.05)
following saline expansion. TmG fell from 159.7 to 121.0
mg/mm (P <0.01). The increase in Tm0 which should have
followed the increase in GFR seems to have been more than
offset by the suppressive effect of saline expansion. The
mean TmG/GFR ratio declined from 3.01 to 1.88 (P <0.001).
Then 15 ml/kg of blood were withdrawn from a jugular
vein or a femoral artery catheter over a 3 to 5 mm period.
Measurements of GFR and TmG made immediately after
hemorrhage showed no change in mean GFR, but an in-
crease in the mean Tm0 to 146.7 mg/mm, a value signifi-
cantly greater than that observed during saline expansion
(P <0.05). Mean Tm0/GFR also increased after hemorrhage
from 1.88 to 2.29 (P<0.01). The increase in fractional
sodium excretion subsequent to saline expansion was par-
tially reversed by hemorrhage. Mean blood pressures were
136 mm Hg during control periods, 140 mm Hg after saline
and 142 mm Hg after bleeding
Discussion
Shannon and Fisher reported in 1938 that the maximum
capacity to transport glucose by the dog kidney was re-
latively constant over long periods of time [2]. Smith noted
that TmG was quite reproducible in man, and was not altered
by several experimental maneuvers [16]. Thompson, Barrett
and Pitts found no change in Tm0 when GFR was decreased
up to 50 % by reducing renal perfusion pressure [3]. Based
on these and similar observations, the maximum rate of
glucose transport by the proximal tubule has been thought
to be a constant physiologic characteristic of renal function.
Recently this classic concept has been challenged. Two
groups of investigators have reported that Tm0 falls in dogs
when GFR is diminished by diuretic-induced dehydration
[10, 17]. However, in these experiments, a direct effect of the
diuretic drug on glucose transport is not distinguishable
from the effect of the change in GFR.
Several groups of investigators have reported that a
linear relationship between Tm0. and GFR can be demon-
strated when values from large groups of animals are ex-
amined [4—6]. These observations are entirely consistent
with the demonstration by Bradley et al [8] that glomerular
surface area and the proximal tubule reabsorptive surface
were well correlated. They found that the relationship be-
tween these two physical parameters was close enough to
predict the nature of the glucose titration curve in three
dogs after analysis of a representative number of nephrons
from each animal. It follows that for a large group of ani-
mals GFR and Tm0 would be linearly correlated; and, there-
fore, such group data do not answer the question of
whether or not Tm0 and GFR are interdependent in a given
animal. Only sequential observations in a single animal
will provide the information needed to examinç that
question.
Van Liew, Deetjen and Boylan [4] reported that Tm0
varied with GFR when GFR changed spontaneously in a
small number of rats, and Kurtzman et al [6] have recently
reported similar findings in five dogs. Malvin, Kutchai and
Osterman found that increases in ureteral pressure de-
creased both GFR and Tm0, but suggested that these find-
ings were consistent with a decrease in the functioning
nephron population [181. Keyes and Swanson found no
change in Tm0/GFR ratios following renal artery constric-
tion in three dogs [5]. Unfortunately, the data were too few
to accurately define the relationship between Tm0 and GFR.
In the present studies the GFR of the left kidney of 11
dogs was reduced by decreasing perfusion pressure to a
level where autoregulation of renal blood flow becomes
impaired. Tm0 decreased at each level of reduction in GFR,
but the changes in GFR and Tm0 were not related in a
one-to-one fashion. Rather, Tm0 decreased about 1 % for
each 2 % decrease in GFR. Thus, glomerulo-tubular balance
appears to exist for Tm0 but is imperfect. These data are
distinctly different from those previously reported by
Thompson et al [3], but the reason for the disparity is not
readily apparent.
Two additional explanations may be offered for these
data. First, it is possible that during the reduction in per-
fusion pressure a portion of the functioning nephron po-
pulation stopped filtering and the reduction in Tm0 simply
reflects a loss of functioning tissue. We believe that this is
an unlikely event in these experiments because of the recent
demonstration by Alexander and Levinsky that superficial
nephrons of dogs apparently continue to filter when per-
fusion pressure is reduced to 50 to 65 mm Hg in saline-
expanded animals [19]. In addition, Morris etal [20] have
reported that small amounts of the osmotic diuretic manni-
tol maintained glomerular filtration in surface nephrons of
dogs even when the perfusion pressure was reduced to
40 mm Hg. In a study carried out in rats, mannitol was
found to maintain filtration in more than 90% of all
nephrons when the perfusion pressure was 40 mm Hg.
Furthermore, no evidence of redistribution of filtrate was
found [20]. Our studies were carried out at much greater
perfusion pressures (37 to 54 mm Hg), and at blood glucose
levels sufficiently high to produce a brisk osmotic diuresis.
Therefore, we do not believe that the reduction in Tm0 in
our studies was due to the cessation of filtration in a seg-
ment of the nephron population.
The second alternative explanation is that the reduction
in single nephron GFR produced by the aortic constriction
was heterogeneous. Thus, it is possible that in some nephrons
the filtered load of glucose was not sufficient to saturate the
glucose transport system despite the fact that the FL/Tm0
ratio for the whole kidney during constriction was 1.5 to
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3.5. The effect of aortic constriction on redistribution of
filtration in the dog has been studied by Auld, Alexander
and Levinsky [21]. They found that single nephron GFR
in hydropenic dogs was reduced in superficial nephrons in
parallel with whole kidney glomerular filtration. The mean
reduction in GFR in their experiments was 30 % compared
to our mean reduction of 44%. In saline-expanded animals.
aortic constriction reversed the increase in GFR of super-
ficial nephrons produced by saline loading, but then
additional constriction did not preferentially reduce GFR
in these nephrons. Wright and Giebisch [22] have recently
reviewed the extensive studies of the effect of aortic con-
striction in rats and have concluded that the weight of
evidence seems to indicate that when whole kidney GFR
is reduced experimentally, a proportionate reduction in
single nephron GFR occurs throughout the cortex. Thus,
we do not believe that the redistribution of glomerular
filtrate is responsible for the relationship between Tm6 and
GFR observed in our studies during aortic constriction.
We tried several of the previously reported methods of
increasing GFR in acute experiments [23]. Unfortunately,
none of these methods were successful in experimcntal
animals with high plasma glucose levels. However, we
did find that soon after the administration of a moderately
large volume of saline, GFR increased substantially in some
animals. In seven dogs this increase averaged 43.4% and
was accompanied by an increase in Tm6 of 23.9%. Thus,
a degree of glomerulo-tubular balance is also present when
GFR increases.
Two groups of investigators have reported that saline
expansion inhibits Tm6. Robson reported moderate de-
creases in TmG in 9 of 10 rats undergoing extracellular
volume expansion [151. In the remaining rat there was a
marked increase in GFR and it was accompanied by a
more modest increase in Tm6. Furthermore, when GFR
declined after expansion, Tm6 was markedly suppressed.
Baines found glucose absorption slightly reduced in super-
ficial nephrons following extracellular fluid volume expan-
sion despite a 27% increase in single nephron GFR. In
juxtamedullary nephrons, single nephron GFR remained
constant but TmG was markedly reduced [1].
The data in this report extend these observations. As
noted above, Tm6 increased when saline expansion in-
creased GFR markedly. However, when GFR was held
constant, the suppressive effect of saline expansion on TmG
was revealed. Thus, TmG following saline expansion appears
to be determined by those factors which govern glomerulo-
tubular balance as well as those factors altered by extra-
cellular fluid volume expansion with saline.
In summary, the present studies support the view that the
maximum capacity to transport glucose is not a constant
physiologic property of the kidney, but varies with altera-
tions in at least two other physiologic parameters, the gb-
merular filtration rate and the extracellular fluid or effective
arterial volume. Such a relationship could be predicted if
glucose and sodium transport were linked in the proximal
tubule in the manner suggested by Crane [24]. While the
present studies suggest that glucose and sodium transport
may be linked in the proximal tubule, they do not elucidate
the exact molecular mechanism that might be involved.
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